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ABSTRACT
Background: Evidence suggests controversial results based on the antibacterial and anti-inflammatory effects of azithromycin (AZI) in the treatment of childhood asthma. This study was to further evaluate the efficacy and safety of AZI in childhood asthma.
Methods: We searched PubMed, Embase (via Ovid), Cochrane Library, China National Knowledge Infrastructure, Chinese Scientific Journals database, WANFANG, and Chinese Biomedical Literature database from inception to November 11, 2020. Randomized controlled trials (RCTs) of AZI versus placebo or one positive control drug, AZI plus anti-asthma drugs (AADs) versus the same AADs, and AZI plus AADs versus placebo or one positive control drug plus the same AADs were included. Primary outcomes were number of exacerbations (NoE); score of clinical tools to assess asthma control after treatment; number of days to relieve symptoms with β2 agonist (DBA); post-treatment lung function indicators, including FEV1% of predicted value (pFEV1%), FVC% of predicted value (pFVC%), FEV1/FVC% of predicted value (pFEV1/FVC%), and PEF% of predicted value (pPEF%). Secondary outcomes were post-treatment fractional exhaled nitric oxide (FENO); post-treatment eosinophil counts in sputum (sEOS) or blood (bEOS); author self-reported outcomes related to asthma (AROs); and adverse events (AEs).
Results: 61 eligible reports from 59 studies were finally included. AZI plus AADs shows no statistically significant difference in NoE (RR = 0.49; 95% CI, 0.07 – 3.26; P = 0.05) and sEOS (MD = -1.13%; 95% CI, -3.54% – 1.29%; P = 0.36) compared to AADs alone. The post-treatment C-ACT score was improved after AZI plus salmeterol and fluticasone (SF) treatment compared to SF alone (MD = 2.97; 95% CI, 2.39 – 3.54; P < 0.001). Results from three studies which could not be meta-analyzed showed that AZI may reduce DBA compared to placebo. AZI combined with AADs could improve post-treatment pFEV1% (AZI + glucocorticoid (GC) vs GC: MD = 6.92%; 95% CI, 1.47% – 12.37%; P = 0.01. AZI + leukotriene receptor antagonist (LTRA) vs LTRA: MD = 24.88%; 95% CI, 21.47% – 28.29%; P < 0.001. AZI + GC + BA vs GC + BA: MD = 12.40%; 95% CI, 9.72% – 15.08%; P < 0.001), pFEV1/FVC% (AZI + GC vs GC: MD = 10.24%; 95% CI, 6.44% – 14.03%; P < 0.001. AZI + GC + BA vs GC + BA: MD = 9.05%; 95% CI, 5.66% – 12.44%; P < 0.001. AZI + BA vs LTRA + BA: MD = 14.48%; 95% CI, 11.84% – 17.12%; P < 0.001), and pPEF% (MD = 7.00%, 95% CI, 2.53% – 11.47%; P = 0.002), but not improve pFVC% (MD = -10.37; 95% CI, -20.86% – 0.12%; P = 0.05), compared to AADs alone. Post-treatment bEOS was significantly higher in the AZI group than in the traditional Chinese medicine compound granules group (MD = 0.07×109/L; 95% CI, 0.05×109 – 0.09×109; P < 0.001). No statistically significant difference in bEOS after treatment with AZI plus montelukast (MON) and loratadine (LOR) compared to MON and LOR (MD = 0.03×109/L; 95% CI, -0.06×109 – 0.12×109; P = 0.50). Meanwhile, AZI combined with AADs did not increase AEs (RR = 0.76; 95% CI, 0.51 – 1.13; P = 0.17).
Conclusions: AZI was beneficial in improving some clinical symptoms and lung functions in childhood asthma. AZI did not increase AEs when combined with AADs.
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1 INTRODUCTION
Asthma is a common chronic airway inflammatory disease in children. Children’s airflow limitation is also accompanied by wheezing and cough. Diagnosis of asthma is difficult in preschool children (under 6 years old) because symptoms often present as long-term and recurrent wheezing or coughing.1 Older age at first wheeze event and recurrent wheezing are important risk factors for progression to asthma, with 35.5% of preschool wheezing children developing asthma after age six.2 The detection rate of atypical pathogens (such as Chlamydia pneumoniae, Mycoplasma pneumoniae) in children with asthma is 4% – 64%, especially higher in acute or recurrent exacerbations.3-5 The immune response to chronic atypical bacterial infections may be linked to allergic inflammation and exacerbations.6, 7
Azithromycin (AZI) is effective against atypical bacterial infections and has anti-inflammatory effects, including inhibition of lung neutrophil chemotaxis and cytokine release.8 The benefits from AZI in cystic fibrosis, post-transplant bronchiolitis, and chronic obstructive pulmonary disease, which have similar pathological processes to asthma, have been ascribed to antibacterial and anti-inflammatory effects.9-11 GINA has recommended AZI as an add-on treatment for adults with persistent symptomatic asthma to reduce the number of exacerbations.12 Kew et al. found that macrolide in treatment for asthma improved symptom scales and lung function.13 However, Tian et al. demonstrated no beneficial clinical outcome of AZI in asthma control.14 In addition to these two studies, there were other systematic reviews and randomized controlled trials (RCTs) published, in which results were inconsistent. These studies had not focused on the effect of AZI in childhood asthma and included an insufficient amount of studies. Thus, we intended to assess the efficacy and safety of AZI in childhood asthma. 

2 METHODS
We conducted a systematic review and meta-analysis of AZI in treatment for childhood asthma, which followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020.15 This article was registered in PROSPERO (CDR 42020221446).
2.1  Eligibility criteria
2.1.1 Inclusion criteria
(1) Children diagnosed with asthma, asthma-like symptoms, recurrent wheezing, or preschool wheezing. 
(2) Three kinds of interventions: ① AZI compared to placebo or one positive control drug, ② AZI plus anti-asthma drugs (AADs) compared to the same AADs, ③ AZI plus AADs compared to placebo or one positive control drug plus the same AADs. We only focused on AZI.
[bookmark: _Hlk72855734][bookmark: _Hlk72855749][bookmark: _Hlk72855759][bookmark: _Hlk72855767](3) Primary outcomes including ① number of exacerbations (NoE); ② scales of clinical tools to assess asthma control after treatment, including the Childhood Asthma Control Test (C-ACT), the Asthma Control Questionnaire (ACQ), the Test for Respiratory and Asthma Control in Kids (TRACK), etc.; ③ number of days to relieve symptoms with β2 agonist (DBA); ④ post-treatment lung function indicators, including FEV1% of predicted value (pFEV1%), FVC% of predicted value (pFVC%), FEV1/FVC% of predicted value (pFEV1/FVC%), and PEF% of predicted value (pPEF%). 
Secondary outcomes including ① post-treatment fractional exhaled nitric oxide (FENO); ② post-treatment eosinophil counts in sputum (sEOS) or blood (bEOS); ③author self-reported outcomes related to asthma (AROs); ④ adverse events (AEs).
(4) Only RCTs were included.
2.1.2 Exclusion criteria
(1) Duplicates.
(2) Children-related data cannot be extracted separately.
(3) Intravenous AZI or combined with other antibiotics.
(4) Conference abstracts, reviews, editorials, and dissertations.
(5) Studies not published in English or Chinese.
2.2  Information sources and search strategy
We searched PubMed, Embase (via Ovid), Cochrane Library, China National Knowledge Infrastructure (CNKI), Chinese Scientific Journals database (VIP), WANFANG, and Chinese Biomedical Literature database (CBM) from inception to November 11, 2020, with terms for asthma (such as asthma; wheeze; bronchial hyperreactivity, etc.), and AZI (such as AZI, macrolide, Zithromax, etc.). A children filter from Ovid Expert Searches was used to limit the population. (search strategies are available from Appendix 1).
2.3  Selection and data collection process
Parsifal, an online collaborative tool, and EndNote X9.1 were used to screen. Two reviewers independently screened half of the records by titles and abstracts, and the other two reviewers screened the other half. Cross-check after the screening was completed, and any differences were resolved by discussion. The same approach was used in the full-text screening.
Data collection was performed by two reviewers using Excel independently, including the following data: author, year of publication, sample size, age, diagnosis, lung function at baseline, treatment in experimental/control group, outcomes.
2.4  Risk of bias assessment and certainty assessment
Risk of Bias 2 (RoB 2) tool,16 a revised Cochrane tool assessing for randomized trials, was used by two reviewers to assess included studies independently. Cross-check after the assessment was completed, and any differences were resolved by discussion. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)17 was used to assess the certainty of evidence in all outcomes.
2.5  Statistical analysis
[bookmark: _Hlk70086669]We conducted meta-analyses of outcomes by RevMan 5.4. AROs were not pooled in meta-analysis due to inconsistent definitions and were easily influenced by the knowledge of outcome assessors. Risk ratios (RR) with 95% confidence interval (CI) from dichotomous outcomes, and mean difference (MD) with 95% CI from continuous outcomes were pooled. The I2 and P-value of the heterogeneity test were used to evaluate the heterogeneity of included studies. P-value of 0.1 was defined as the cut-off, and the different thresholds of I2 (0% to 40% might not be important, 30% to 60% might represent moderate heterogeneity, 50% to 90% might represent substantial heterogeneity, 75% to 100% was considerable heterogeneity) with magnitude and direction of effects were integrated to judge heterogeneity.18 If substantial heterogeneity was identified, a random-effect model was used, otherwise, the fixed-effect model was adopted. Heterogeneity was explored by conducting subgroup analyses. Subgroup analyses were not performed according to EOS, severity of asthma, and age as planned in PROSPERO because of insufficient results reported by the included studies, but were conducted by the type of interventions. Due to the missing standard deviation, we used standard deviations from other similar studies (similar population and intervention) and performed sensitivity analyses to assess the reliability. Publication bias was assessed if more than ten studies were included, visually using a funnel plot.

3 RESULTS
3.1  Study selection and study characteristics
As shown in Appendix 2, the PRISMA 2020 flow diagram details the study selection process. We identified 5 552 records from databases and 13 records were from citations of other similar systematic reviews. After removing duplicates, screening the titles, abstracts, and full texts, some confusing studies were excluded. For example, AZI was administered intravenously and orally,19 or the focus was not only on AZI.20 Finally, 61 eligible reports from 59 studies were included.
The characteristics of the eligible studies are shown in Appendix 3, which included 6 035 children with asthma or wheezing. The sample size of each study ranged from 16 to 300 participants, with ages ranging from 0.25 to 17 years. The interventions of seven studies were AZI compared to placebo or one positive control drug, 36 studies were AZI plus AADs compared to the same drugs, and 16 studies AZI plus AADs compared to placebo or one positive control drug plus the same drugs. 

3.2  Risk of bias in studies
Appendix 4 shows the risk of bias in the included studies. The overall bias of the included studies was high risk or some concerns. There was a large degree of uncertainty due to insufficient information on methods and results in reports. Many reports only mentioned the term "randomization", but did not expound on the details, and whether to implement allocation concealment. Similarly, less detailed information was in the deviations from intended interventions.

3.3  Results of syntheses
3.3.1 Number of exacerbations
Meta-analysis for NoE is shown in Figure 1. It included two studies with 218 children.21, 22 AZI plus AADs shows no statistically significant difference in NoE (RR = 0.49; 95% CI, 0.07 – 3.26; P = 0.05). As the different interventions in the two studies (Chen: AZI + BUD + BA vs BUD + BA; Jakob: AZI + SAL + MON + PRL vs placebo + SAL + MON + PRL) led to substantial heterogeneity (I2 = 73%, P = 0.05), random effect model was used.
3.3.2 Post-treatment C-ACT score
Two studies, including 204 children, used only one clinical tool—C-ACT— to assess asthma control.23, 24 Figure 2 shows that the post-treatment C-ACT score was improved after AZI plus SF treatment compared to SF alone (MD = 2.97; 95% CI, 2.39 – 3.54; P < 0.001). The heterogeneity was low (I2 = 0%, P = 0.91).
3.3.3 Number of days to relieve symptoms with β2 agonist
Three studies investigated DBA. However, two of three studies used different statistics (median and mean),25, 26 and the other one did not report standard deviation and no data was available from a similar study.21 The results of the three studies were as follows: The median DBA among children with preschool wheezing who received AZI was 4.5 days and five days among those who received placebo.25 The mean DBA during treated LRTI with wheezing between AZI plus BA and placebo plus BA were 13.52 ± 9.33 days versus 15.11 ± 10.35 days.26 The mean DBA after AZI treatment of asthma-like symptoms was 8.9 days versus 10.1 days after placebo.21
3.3.4 Post-treatment FEV1% of predicted value
Six studies with 460 children were pooled in meta-analysis.27-32 Subgroup analyses were conducted to explore the considerable heterogeneity. As shown in Figure 3a, AZI combined with AADs (GC, LTRA, BA) could improve post-treatment pFEV1% compared to the same drugs alone (AZI + GC vs GC: MD = 6.92%; 95% CI, 1.47% – 12.37%; P = 0.01. AZI + GC + BA vs GC + BA: MD = 12.40%; 95% CI, 9.72% – 15.08%; P < 0.001. AZI + LTRA vs LTRA: MD = 24.88%; 95% CI, 21.47% – 28.29%; P < 0.001.). However, the results of one study showed that a lower post-treatment pFEV1% in AZI + GC + BA group compared to placebo + GC + BA group (MD = -11.38; 95% CI, -20.99% – -1.77%; P = 0.02). The heterogeneity within each subgroup was low (AZI + GC vs GC: I2 = 0%, P = 0.50. AZI + LTRA vs LTRA: I2 = 0%, P = 0.57).
3.3.5 Post-treatment FVC% of predicted value
Only one study with 16 children reported post-treatment pFVC%.31 As shown in Figure 3b, AZI + GC + BA did not improve post-treatment pFVC% compared to placebo + GC + BA (MD = -10.37; 95% CI, -20.86% – 0.12%; P = 0.05).
3.3.6 Post-treatment FEV1/FVC% of predicted value
There were three reports from a same study,33-35 so only one33 of them was included. Seven studies with 572 children were pooled in this meta-analysis.22, 24, 30, 32, 33, 36, 37 Subgroup analyses were conducted, and the random effect model was used due to moderate heterogeneity among studies in subgroups (AZI + GC vs GC: I2 = 46%, P = 0.15. AZI + GC + BA vs GC + BA: I2 = 56%, P = 0.10). As shown in Figure 3c, AZI combined with AADs (GC, LTRA, BA) could improve post-treatment pFEV1/FVC% compared to the same AADs alone (AZI + GC vs GC: MD = 10.24%; 95% CI, 6.44% – 14.03%; P < 0.001. AZI + GC + BA vs GC + BA: MD = 9.05%; 95% CI, 5.66% – 12.44%; P < 0.001), and AZI plus BA improved post-treatment pFEV1/FVC% more than LTRA plus BA (MD = 14.48%; 95% CI, 11.84% – 17.12%; P < 0.001).
3.3.7 Post-treatment PEF% of predicted value
Only one study with 78 children reported post-treatment pPEF%.27 As shown in Figure 3d, AZI plus GC improved the post-treatment pPEF% better than GC alone (MD = 7.00%, 95% CI, 2.53% – 11.47%; P = 0.002).
3.3.8 Post-treatment fractional exhaled nitric oxide
No studies investigated the result of FENO.
3.3.9 Post-treatment eosinophil counts in sputum or blood
Two studies with 160 children investigated the post-treatment sEOS, but standard deviations were missing.38, 39 Fortunately, standard deviations from two similar non-RCT were used to fill data gaps.40, 41 The mean of the two standard deviations were pooled in meta-analysis, and sensitivity analyses were then conducted. As shown in Appendix 5a, AZI plus GC has no statistically significant difference in reducing sEOS compared to GC alone (MD = -1.13%; 95% CI, -3.54% – 1.29%; P = 0.36). The heterogeneity between the two studies was low (I2 = 0%, P = 0.69).
Two studies with 202 children investigated the post-treatment bEOS. 42, 43 As shown in Appendix 5b, although heterogeneity was low (I2 = 0%, P = 0.37), the two studies were still divided into two subgroups because of the different interventions. One result indicates that post-treatment bEOS was significantly higher in the AZI group than in the traditional Chinese medicine compound granules group (MD = 0.07×109/L; 95% CI, 0.05×109 – 0.09×109; P < 0.001). The other result indicates that no statistically significant difference in bEOS after treatment with AZI plus MON and LOR compared to MON and LOR (MD = 0.03×109/L; 95% CI, -0.06×109 – 0.12×109; P = 0.50).
3.3.10 Author self-reported outcomes related to asthma
As shown in Appendix 6, there were 17 AROs from 50 studies. Meta-analyses were not performed. Information on which studies recorded AROs is available in Appendix 3.
3.3.11 Adverse reaction
11 studies with 1 914 children were included in this meta-analysis. 21, 25, 26, 29, 44-50 AEs of AZI monotherapy and combination were analyzed separately in Appendix 5c and 5d. The incidence of AEs in AZI was no statistically significant difference from placebo (RR = 0.82; 95% CI, 0.68 – 1.00; P = 0.05), but was lower than that in the other antibiotics (RR = 0.52; 95% CI, 0.28 – 0.96; P = 0.04). Meanwhile, AZI combined with AADs did not increase the AEs (RR = 0.76; 95% CI, 0.51 – 1.13; P = 0.17).
3.4 Reporting biases
Only AEs were included in more than 10 studies. As shown in Appendix 7, the funnel plot is symmetrical, suggesting that there was less possibility of publication bias.
3.5 Sensitivity analysis
Due to the missing standard deviations of sEOS, the standard deviations from two other similar studies were used. The values were pooled in the meta-analysis included the standard deviation of each study (Appendix 8). The results showed that the standard deviation from Chen's study was different from the standard deviation from Zhang's study and the mean value. The post-treatment sEOS of the AZI plus GC group was lower than that in the GC group (MD = -1.03%; 95% CI, -2.00% – -0.05%; P = 0.04). It indicated that the reliability of this meta-analysis was not enough.
3.6 Certainty of evidence
The summary of findings for the outcomes is presented in Appendix 9. C-ACT score, pFEV1%, pFEV1/FVC %, and bEOS were downgraded the certainty to moderate‐quality due to serious risk of bias. pFVC% and pPEF% were downgraded to low due to serious risk of bias and strongly suspected publication bias, and AEs were low‐quality due to very serious risk of bias. NoE was very low‐quality due to serious risk of bias, inconsistency, and imprecision. Correspondingly, sEOS was very low‐quality due to serious risk of bias and very serious imprecision.

4 DISCUSSION
Our study found that AZI in treatment for childhood asthma improved post-treatment C-ACT scores and lung function indicators except for pFVC%, reduced DBA, and did not increase AEs in combination with AADs. But it may not decrease NoE and EOS. The quality of evidence body evaluated by GRADE was from very low to moderate due to risk of bias, inconsistency, and imprecision.
There is no systematic review focusing on the effects of AZI in childhood asthma. Similar reviews focused on macrolides or the entire population (children and adults). There were some variations in the results among these reviews: macrolides improved lung function in children with asthma, especially FEV1 was reported most frequently, which is consistent with our review.51-53 The reviews of the entire population also showed improvement in lung function and symptom scales, but not in the quality of life.13, 54-56 But there was also a review that showed no benefit from adding oral AZI to standard asthma treatment.14 AZI may have potential benefits in children with asthma, but our confidence is so low that we do not support the routine use of AZI in clinical practice because of low-quality and uncertain evidence. 
Our review included a substantial amount of studies and all are RCT, but the overall quality was suboptimal, especially the large proportion of high risk in the measurement and reporting of outcomes. The inconsistent outcomes of reports limit the comparison between different studies. A core outcome set for clinical trials in asthma needs to be created by stakeholders and collectively evaluate outcomes to make more meaningful comparisons of asthma treatments.57 The standardizing endpoints for clinical asthma trials and clinical practice in children over 6 years old and adults proposed by the American Thoracic Society/European Respiratory Society in 2009 were widely used, including symptom-free days, reliever use, composite scores, exacerbation, and quality of life, etc..58 Outcomes of our review were also based on this statement. However, none of the included studies fully reported the core outcome set required to be reported in the statement. Instead, 17 AROs from 50 studies were used, and some seemingly identical outcomes were ill-defined or inconsistent among studies. AROs, such as different levels of effects or duration of different symptoms associated with asthma, measured were heterogeneous. They were also easily affected by the subjective judgment of outcome assessors, leading to selective reporting bias. The standardizing endpoints for asthma in 2009 were determined by the discussion of clinical researchers. They did not include clinicians, children, and their parents, and it may not reflect their values and concerns. Some researchers have discovered these deficiencies, and they are going to update the core outcome set of childhood asthma.59, 60
RoB 2 was used to evaluate the risk of bias, which was a strength and a limitation. For the same studies included in other similar reviews which used the original RoB tool, the results of the risk of bias assessment in our review are different from them.51, 52, 54 RoB 2 refined the assessment process in five distinct domains. A series of signalling questions and algorithms were used to give clear instructions to the items that were prone to confusion and divergence in the original RoB. Meanwhile, the overall bias was added in RoB 2, which affected the strength of conclusions drawn from a systematic review and could be used as part of GRADE assessment.16, 61 But RoB 2 showed challenges in its application. RoB 2 tool and its guidelines are sophisticated. Formal training seems necessary, and assessors need to be fully equipped with clinical experience, epidemiological, statistical, and evidence-based medicine knowledge, which may hinder its promotion and proper application.62
There are several strengths in this study. First, our study is the first systematic review focusing on AZI in treatment for childhood asthma and a comprehensive search of English and Chinese literature. Second, we followed the latest PRISMA 2020, applied RoB 2, and evaluated the certainty of evidence by GRADE, resulting in a complete report.
There are also some limitations in our study. As mentioned before, there were missing standard deviations in three studies. Fortunately, two of three used data from other similar studies, but this also led to unstable results. Low-quality and uncertain evidence weakens confidence in conclusions. 

5 CONCLUSION
AZI in treatment for childhood asthma improved post-treatment C-ACT scores and lung function, reduced DBA, and did not increase AEs in combination with other AADs. But it may not decrease NoE and EOS. We call for more well-designed randomized controlled trials with complete reporting of outcomes to evaluate the efficacy and safety of AZI in childhood asthma control.

ACKNOWLEDGMENTS
The study was supported by Program for Yangtze River Scholars and Innovative Research Team in University (No. IRT0935).

AUTHOR CONTRIBUTIONS
Xiangcheng Pan: Conceptualization (lead); project administration ‍(lead); data curation ‍(lead); formal analysis (lead); methodology (lead); writing-original draft (lead); writing-review ‍& editing (lead); Yan Liu: Data curation ‍(equal); methodology (equal); software (lead). Jiefeng Luo: Data curation (equal); ‍methodology (equal); software (equal). Siyu Li: ‍Data curation ‍(equal); methodology (equal); software (lead). Sha Diao: Formal analysis (equal); methodology (lead); writing-review & editing ‍(equal)‍. Hailong Li: Formal analysis (equal); methodology (lead); writing-review & editing ‍(equal)‍. Liang Huang: Conceptualization (equal); project administration (equal); writing-review & editing ‍(equal)‍. Zhijun Jia: Conceptualization (equal); project administration (equal); writing-review & editing ‍(equal)‍. Lina Chen: Conceptualization (equal); project administration (equal); writing-review & editing ‍(equal)‍. Hanmin Liu: Conceptualization (equal); project administration (lead); writing-review & editing ‍(lead)‍. Lingli Zhang: Conceptualization (equal); project administration (lead); writing-review & editing ‍(lead)‍.

ORCID
Xiangcheng Pan: https://orcid.org/0000-0001-8499-6623


Reference
1.	Arakawa H, Adachi Y, Ebisawa M, et al. Japanese guidelines for childhood asthma 2020. Allergol Int. Jul 2020;69(3):314-330.
2.	Bloom CI, Franklin C, Bush A, Saglani S, Quint JK. Burden of preschool wheeze and progression to asthma in the UK: Population-based cohort 2007 to 2017. J Allergy Clin Immunol. Jan 13 2021;
3.	Wood PR, Hill VL, Burks ML, et al. Mycoplasma pneumoniae in children with acute and refractory asthma. Ann Allergy Asthma Immunol. May 2013;110(5):328-334 e1.
4.	Wood PR, Kampschmidt JC, Dube PH, et al. Mycoplasma pneumoniae and health outcomes in children with asthma. Ann Allergy Asthma Immunol. Aug 2017;119(2):146-152 e2.
5.	Abe N, Yasudo H, Fukano R, et al. Multi-season analyses of causative pathogens in children hospitalized with asthma exacerbation. Pediatr Allergy Immunol. Nov 2019;30(7):724-731.
6.	Resiliac J, Grayson MH. Epidemiology of Infections and Development of Asthma. Immunol Allergy Clin North Am. Aug 2019;39(3):297-307.
7.	Webley WC, Hahn DL. Infection-mediated asthma: etiology, mechanisms and treatment options, with focus on Chlamydia pneumoniae and macrolides. Respir Res. May 19 2017;18(1):98.
8.	Parnham MJ, Erakovic Haber V, Giamarellos-Bourboulis EJ, Perletti G, Verleden GM, Vos R. Azithromycin: mechanisms of action and their relevance for clinical applications. Pharmacol Ther. Aug 2014;143(2):225-45.
9.	Lahiri T, Hempstead SE, Brady C, et al. Clinical Practice Guidelines From the Cystic Fibrosis Foundation for Preschoolers With Cystic Fibrosis. Pediatrics. Apr 2016;137(4)
10.	GOLD. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease. Global Initiative for Chronic Obstructive Lung Disease. https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
11.	Meyer KC, Raghu G, Verleden GM, et al. An international ISHLT/ATS/ERS clinical practice guideline: diagnosis and management of bronchiolitis obliterans syndrome. Eur Respir J. Dec 2014;44(6):1479-503.
12.	GINA. Global Strategy For asthma Management And Prevention. Global Initiative for Asthma. 2021. https://ginasthma.org/wp-content/uploads/2021/05/GINA-Main-Report-2021-V2-WMS.pdf
13.	Kew KM, Undela K, Kotortsi I, Ferrara G. Macrolides for chronic asthma. Cochrane Database Syst Rev. Sep 15 2015;(9):CD002997.
14.	Tian BP, Xuan N, Wang Y, Zhang G, Cui W. The efficacy and safety of azithromycin in asthma: A systematic review. J Cell Mol Med. Mar 2019;23(3):1638-1646.
15.	Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. Mar 29 2021;372:n71.
16.	Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. Aug 28 2019;366:l4898.
17.	Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. Journal Article. BMJ. Apr 26 2008;336(7650):924-6.
18.	Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic reviews of interventions version 6.2 (updated February 2021). Cochrane. www.training.cochrane.org/handbook.
19.	Gong L, Xu L, Diao M, Guo F, Bian FF, Min J. Clinical effect of treating secondary asthma attacks of children Mycoplasma pneumoniae with combined therapy of montelukast and azithromycin. Journal Article. European review for medical and pharmacological sciences. 2016;20(24):5256‐5260.
20.	Zhang LY, Qian Q. Clinical effect of azithromycin combined with Seretide for asthma. Strait pharmaceutical journal. 2013;25:159‐160.
21.	Stokholm J, Chawes BL, Vissing NH, et al. Azithromycin for episodes with asthma-like symptoms in young children aged 1-3 years: a randomised, double-blind, placebo-controlled trial. The Lancet Respiratory medicine. Jan 2016;4(1):19-26.
22.	Chen YX, Li ZQ. Preliminary study on azithromycin adjuvant treatment of mild to moderate asthma in children. Guangdong Medical Journal. 2007;28(5):807-808.
23.	Huo BB, Huang H. Efficacy and compliance of ICS/LABA combined with low-dose azithromycin in children with chronic moderate persistent asthma. Drug Evaluation Research. 2019;0(3):529-532.
24.	Wang Q, Lian R. Effects of low-dose azithromycin on lung function and airway inflammation in children with chronic moderate persistent asthma. Maternal and Child Health Care of China. 2020;35(16):3030-3033.
25.	Mandhane PJ, Paredes Zambrano de Silbernagel P, Aung YN, et al. Treatment of preschool children presenting to the emergency department with wheeze with azithromycin: a placebo-controlled randomized trial. Journal Article; Randomized Controlled Trial. Plos one. 2017;12(8):e0182411.
26.	Bacharier LB, Guilbert TW, Mauger DT, et al. Early administration of azithromycin and prevention of severe lower respiratory tract illnesses in preschool children with a history of such illnesses: a randomized clinical trial. Jama. Nov 17 2015;314(19):2034-2044.
27.	Cai XJ, Lu J. Effect of low-dose azithromycin on lung function and serum matrix metalloproteinase-9 of athmatic children. Chinese Journal of Practical Medicine. 2014;41(12):23-25.
28.	Chen LJ. The efficacy of montelukast and azithromycin in children with asthma and its influence on FEV1 and PEF in children. Jilin Medical Journal. 2015;36(15):3303-3304.
29.	Ding XM. Efficacy analysis of singulair combined with zithromax in the treatment of children with asthma. Chinese Journal of Primary Medicine and Pharmacy. 2013;(7):1015-1017.
30.	Jia KP, Xue JH, Li YX, Pang SJ. Effects of azithromycin on the lung function and serum levels of　IL-6 and TNF-α in child patients with bronchial asthma. Journal of Xuzhou Medical University. 2016;36(7):475-477.
31.	Piacentini GL, Peroni DG, Bodini A, et al. Azithromycin reduces bronchial hyperresponsiveness and neutrophilic airway inflammation in asthmatic children: a preliminary report. Allergy and asthma proceedings. 2007;28(2):194-8.
32.	Yang XC, Pan W, Wan J, Liu GH, Ji W. Anti-inflammatory effects of azithromycin on asthmatic children. Journal of Clinical Pulmonary Medicine. 2012;17(10):1770-1771.
33.	Yan HX, Luo ZY, Xiao QL, Zhou J. Influence of azithromycin in asthmatic childhren on the level of eotaxin. China Morden Medicine. 2010;17(28):7-8,47.
34.	Yan HX, Xiao QL, Luo ZY. Influence of azithromycin on the level of vascular endothelial growth factorin children asthma. Journal of University of South China (Medical Edition). 2010;(6):776-778.
35.	Zhou J, Yan HX, Xiao QL. The effect of azithromycin in the treatment of childhood asthma on mcp-1. Guangdong Medical Journal. 2011;32(3):382-383.
36.	Duan ZP. Study on the clinical effect of azithromycin in the adjuvant treatment of mild to moderate asthma in children. The World Clinical Medicine. 2017;11(17):160,162.
37.	Ke HS. Azithromycin adjuvant treatment of bronchial asthma in children and its influence on related inflammatory factors. Heilongjiang Medicine Journal. 2016;29(3):491-493.
38.	Fan CH. Effects of low-dose azithromycin on airway reactivity in children with asthma. Chinese and Foreign Medical Research. 2013;11(24):164-165.
39.	Lu CM. Effect of low dose of azithromycin on children's asthma airway reactivity. Journal of China Prescription Drug. 2015;13(4):4-5.
40.	Chen J, Luo L. Effect of azithromycin on bronchial hyperresponsiveness in children with asthma. Journal of Chinese Modern Pediatrics. 2006;3(1):63-64.
41.	Zhang JJ, Wang P, Jiang XH, Ren RN, Hong XR. Efficacy of azithromycin in the adjuvant treatment of asthma in children (with 78 case reports). Strait pharmaceutical journal. 2013;25(8):124-126.
42.	Chai W, Li XF, Shao GL. Influence of Zhike Pingchuan decoction on adjusting Th cytokine and immunoglobuline in children with asthma induced by mycoplasma pneumoniae. Chinese Archives of Traditional Chinese Medicine. 2009;27(1):223-224.
43.	Hu XL. Correlation of mycoplasma pneumonia infection and cough variability asthma. China Pharmaceuticals. 2015;24(23):157-159.
44.	Douglas L. Azithromycin for children hospitalized with asthma. ClinicalTrials.gov. https://clinicaltrials.gov/show/NCT02003911
45.	Gao J. Efficacy of azithromycin in the treatment of pediatric bronchial asthma. Guide of China Medicine. 2013;11(13):543-544.
46.	Miao H, Liu XR. Effects of salmeterol ticlosone combined with azithromycin on clinical symptoms and pulmonary function in children with asthma. Journal of Mathematical Medicine. 2017;30(4):567-569.
47.	Ou YD. Efficacy of azithromycin in the treatment of cough variant asthma. Chinese Journal of Misdiagnostics. 2006;6(15):2922.
48.	Sun JF. Effect of azithromycin assisted treatment on bronchial asthma in children and its influence on the level of inflammatory factors in patients. Guide of China Medicine. 2018;16(12):20-21.
49.	Xu JF. Effect of azithromycin on FEV1, FVC, PEF, and PEF25 in children with Mycoplasma pneumoniae infection-induced asthma. Modern Medicine and Health Research Electronic Journal. 2020;4(8):14-15.
50.	Yu Y. Clinical efficacy of azithromycin combined with salmeterol ticarbazone in the treatment of acute asthma attacks in children. Medical Information. 2015;(45):145-145.
51.	Pincheira MA, Bacharier LB, Castro-Rodriguez JA. Efficacy of macrolides on acute asthma or wheezing exacerbations in children with recurrent wheezing: a systematic review and meta-analysis. Paediatr Drugs. Apr 2020;22(2):217-228.
52.	Lei WT, Lin HH, Tsai MC, et al. The effects of macrolides in children with reactive airway disease: a systematic review and meta-analysis of randomized controlled trials. Drug Des Devel Ther. 2018;12:3825-3845.
53.	Mikailov A, Kane I, Aronoff SC, Luck R, Delvecchio MT. Utility of adjunctive macrolide therapy in treatment of children with asthma: a systematic review and meta-analysis. J Asthma Allergy. 2013;6:23-9.
54.	Zhang MR, Gong CH, Tu JW, Wang DH, Dai JH. Meta-analysis of efficacy and safety of azithromycin in the adjuvant treatment of bronchial asthma in children. Journal of Pediatric Pharmacy. 2019;25(04):6-11.
55.	Liu L, Wang GZ, Han D, Li MX. Effectiveness and safety of azithromycin in the treatment of bronchial asthma: a meta-analysis. Journal of Southern Medical University. 2015;35(01):83-87.
56.	Wang X, Luo J, Wang D, Liu B, Liu C. The efficacy and safety of long-term add-on treatment of azithromycin in asthma: A systematic review and meta-analysis. Medicine (Baltimore). Sep 2019;98(38):e17190.
57.	Tejwani V, Chang HY, Tran AP, Moloney RM, Khatri SB. The asthma evidence base: a call for core outcomes in interventional trials. J Asthma. Apr 3 2020:1-10.
58.	Reddel HK, Taylor DR, Bateman ED, et al. An official American Thoracic Society/European Respiratory Society statement: asthma control and exacerbations: standardizing endpoints for clinical asthma trials and clinical practice. Am J Respir Crit Care Med. Jul 1 2009;180(1):59-99.
59.	Sinha IP, Gallagher R, Williamson PR, Smyth RL. Development of a core outcome set for clinical trials in childhood asthma: a survey of clinicians, parents, and young people. Trials. Jul 2 2012;13:103.
60.	Craig S, Babl FE, Dalziel SR, et al. Acute severe paediatric asthma: study protocol for the development of a core outcome set, a Pediatric Emergency Reserarch Networks (PERN) study. Trials. Jan 13 2020;21(1):72.
61.	Yang ZR, Sun F, Zhan SY. Risk on bias assessment: (2) Revised Cochrane risk of bias tool for individually randomized, parallel group trials (RoB2.0). Chinese Journal of Epidemiology. 2017;38(09):1285-1291.
62.	Minozzi S, Cinquini M, Gianola S, Gonzalez-Lorenzo M, Banzi R. The revised Cochrane risk of bias tool for randomized trials (RoB 2) showed low interrater reliability and challenges in its application. J Clin Epidemiol. Oct 2020;126:37-44.

Figure legends
Figure 1. Forest plot of the number of exacerbations
Figure 2. Forest plot of the post-treatment C-ACT score
Figure 3. Forest plots of the post-treatment lung functions



Figure 2 Forest plot of the post-treatment C-ACT score
Figure 1 Forest plot of the number of exacerbations


















a. FEV1% of predicted value

b. FVC% of predicted value
c. FEV1/FVC% of predicted value


d. PEF% of predicted value

Figure 3 Forest plots of the post-treatment lung functions
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